
Physi
s 123 se
tion 2 CIDHomework 12 S
ore / 301. (4 pts) I have two 
ontainers of gas. They are both 0.5 m3 in volume and are both at 300 K. They are both �lledwith gas at atmospheri
 pressure. They are 
onne
ted together through a small tube with a valve. I open thevalve and allow the gasses to mix together. After a long time, su
h that the gasses are thoroughly mixed, howmu
h has the entropy of the system in
reased from what it was when I opened the valve if (a) both 
ontainersare initially �lled with nitrogen mole
ules, and (b) if one is initially �lled with nitrogen mole
ules and the otherwith helium atoms?2. (4 pts) Imagine that I toss four 
oins in the air and 
ount how many 
ome up �heads.� Make a table. Labelthe left-most 
olumn �Ma
rostate: Number of heads,� and write down the numbers 0 through 4 in a 
olumnbelow this heading. Label the middle 
olumn �Possible Mi
rostates,� and in this 
olumn list all of the possiblemi
rostates whi
h result in the ma
rostate in the left 
olumn (for example, HHTH, TTHH, et
.). Label theright-most 
olumn �Total number of mi
rostates,� and in this 
olumn write down the number of mi
rostates forea
h ma
rostate. See table 22.1 in the text for referen
e.3. (4 pts) For this problem, refer to the table you made for the above problem. (a) Using your table, if you tossedfour 
oins and 
ounted how many of them 
ame up �heads,� what is the number you are most likely to get? (b)Use your table to 
al
ulate the probability of getting all heads? (
) Whi
h ma
rostate has the highest entropy?(d) Using the formula s = kB ln g, where s is the entropy, kB is Boltzmann's 
onstant, and g is the number ofmi
rostates for a given ma
rostate, 
al
ulate the entropy for ea
h ma
rostate in your table.- If you want you 
an imagine that �heads� represents a parti
le in a higher energy state than �tails.� At atemperature of absolute zero there is no thermal energy, so all of the 
oins are �tails� and the entropy iszero. As you add heat, the entropy goes up. In this �toy model� the entropy a
tually rea
hes a maximumand then goes to zero again when we have all �heads.� In most real systems, however, the e�e
tive �
oins�have an in�nite number of �sides� � there are an in�nite number of energy states that a parti
le 
an have.As su
h, you never get to the point where entropy rea
hes a maximum and starts to drop.4. (4 pts) My mother-in-law told me about an interesting �fa
t� she had heard. Imagine that you had an egg in ea
hhand and you smashed them together, 
ausing one of the eggs to break. She heard that if you held one hand stilland smashed the eggs together by moving the other one, the moving egg would always break and the stationaryone would not. My wife and I obje
ted. A

ording to relativity, the odds should be equal for either one to break.So we de
ided to prove her wrong. We got some eggs and smashed them together. The �rst two times we didit, guess what? The moving egg broke both times! At this point my mother-in-law was 
ertain that we hadjust proved her right (she has sin
e taken a 
lass in statisti
s). So we did it four more times, breaking a totalof 6 eggs. In the end, three times the moving one broke, and three times the stationary one did, in agreementwith Galilean relativity. (a) If I did the experiment twi
e, what are the odds that the moving egg would breakboth times? (b) If I did the experiment six times, what are the odds that the moving egg would break all sixtimes? (
) If I wanted to be 99% sure that my mother-in-law was right, how many times would I have to do theexperiment and see the moving egg break ea
h time?5. (6 pts) You are wel
ome to work this problem in groups � just make sure that you are taking part and that youunderstand everything that's going on.(a) If I toss a 
oin many times, about what fra
tion of the time should I get heads?(b) Toss a 
oin 100 times. Ea
h time write down a 1 if you get heads and 0 if you get tails. Cal
ulate thefra
tion of tosses whi
h resulted in heads after 1 toss, 2 tosses, 9 tosses, 16 tosses, 36 tosses, 81 tosses, and100 tosses. Plot on a graph the fra
tion of heads results as a fun
tion of N, the number of tosses.(
) Now 
al
ulate the di�eren
e between the fra
tions you 
al
ulated in part (b) and the expe
ted value from part(a). Plot this on another graph as a fun
tion of N . On this same graph plot the fun
tions fmax(N) = 1/
√

Nand fmin(N) = −1/
√

N . It 
an be shown (you 
an derive it, or ask me during o�
e hours if you areinterested), that most of the time the absolute di�eren
e from the expe
ted value will be less than 1/
√

N .



6. (4 pts) Imagine that I have a spring pressure gauge, like the one we dis
ussed in 
lass, with a moving plate areaof 1 
m2. If it is pla
ed in a 
ontainer �lled with air at room temperature and atmospheri
 pressure, on averageabout 1024 mole
ules will 
ollide with this surfa
e every se
ond (by the way, you should know how to 
al
ulatethat from the last 
hapter). Like any real gauge, our gauge wont respond to pressure 
hanges instantaneously.Using the expe
ted 1/
√

N �u
tuation dis
ussed above, 
al
ulate by what fra
tion of the average pressure thereadout of our gauge would �u
tuate by if the gauge response time is one se
ond, one µs, or one fs? (A fs orfemtose
ond is 10−15 se
onds, about the time it takes light to travel 0.3 µm.)7. (4 pts) Imagine that you are doing exit polls to determine the winner of an ele
tion between two 
andidates. Itis a very 
lose ele
tion, with both re
eiving very 
lose to 1/2 of the votes. Imagine that you are very 
areful topoll a balan
ed 
ross-se
tion of voters. (a) If you poll 100 people, how 
lose 
an the ele
tion be (in per
entagepoints) if you want to be reasonably 
ertain that you predi
t the right winner from your poll? (b) What if youpoll 10,000 people?Extra problems I re
ommend you work (not to be turned in)- Cal
ulate how many mole
ules strike a 1 
m2 plate per se
ond in a room temp, atmospheri
 pressure gas.- How 
an you use the mi
ros
opi
 pi
ture of entropy to explain why heat �ows from high temperature to lowtemperature?- Derive the 1/
√

N law for 
oin tosses (hint � 
onsider the table you made, and ask yourself how many ways arethere to get 1

2
heads if you toss a 
oin N times how many ways to get 3

4
heads, et
.)


